1. Introduction {#sec1}
===============

Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease characterized by the loss of immune tolerance to nuclear autoantigens resulting in the production of pathogenic autoantibodies that cause inflammation and tissue damage to multiple organs. In the development of SLE, three main immune pathways have been identified: aberrant clearance of nucleic-acid-containing debris and immune complexes, excess innate immune activation involving Toll-like receptors (TLRs) and type I interferons (IFNs) and dysfunctional response of T and B lymphocytes \[[@bib1],[@bib2]\]. Genetic association studies revealed that aberrant regulation of innate and adaptive immunity genes contribute to the pathogenesis of SLE \[[@bib3]\]. Included are IRF7 and IRF8 \[[@bib3]\], both of which belong to the IFN regulatory factor family \[[@bib4]\] and were characterized as transcriptional regulators of type I IFN (IFN-α, IFN-β) and IFN-stimulated genes (ISGs). In addition, they play a pivotal role in various aspects of immune responses \[[@bib4]\]. IRF7 is considered to be a master regulator of type I IFN-dependent immune responses \[[@bib5]\]. In contrast, IRF8 controls the lineage commitment between the myeloid and B cells \[[@bib4]\], DC development and function \[[@bib6]\], a silencing program for Th17 ​cell differentiation \[[@bib7]\], and the differentiation of naïve CD8 T cells into effector cells \[[@bib8]\]. However, the precise role of IRF7 and IRF8 in the SLE pathogenesis is still under investigation.

Using a murine model of SLE induced by 2,6,10,14-tetramethylpentadecane (TMPD, pristane), we previously reported that IRF7-deficient mice developed glomerulonephritis while they failed to produce autoantibodies against ssDNA, dsDNA, Sm, and RNP \[[@bib9]\]. We demonstrated two major disease manifestations of SLE can be molecularly uncoupled, in that IRF7/type I IFN pathway is essential for autoantibody production while the NF-κB pathway sufficiently controls the development of glomerulonephritis \[[@bib9]\].

In order to understand the role of IRF8 in SLE, we challenged IRF8-deficient mice with TMPD. Curiously, IRF8-deficient mice displayed no production of autoantibodies along with reduced glomerulonephritis after the TMPD injection. Inflammatory monocytes are important component of this SLE model because they produce proinflammatory cytokines and thereby facilitating the production of autoantibodies and glomerulonephritis \[[@bib10],[@bib11]\].

However, inflammatory monocytes were not induced by TMPD in IRF8-deficient mice. Furthermore, similar cells induced by TMPD in IRF7-deficient mice failed to produce type I IFN, critically suggesting the unique contribution of IRF7 and IRF8 in the generation of competent proinflammatory monocytes and their IFN production. When differentiated into CD11c^+^ DCs *in vivo*, these cells are capable of producing proinflammatory cytokines in response to dsDNA which play a major role in tissue damages that ensue. Thus, proinflammatory monocytes appear to be the missing link in our experimental model between IRF7/8 and SLE by way of the production of type I IFNs.

One typical characteristic of SLE is the fluctuation in time of disease activity \[[@bib12]\]. We hypothesize that this fluctuation may synchronize with the intermittent production of inflammatory monocytes/monocyte-derived DCs *in vivo*. Our study also suggests targeting monocyte migration/homing by using chemoattractants or their inhibitors as a potential therapeutic intervention in patients with SLE.

2. Materials and methods {#sec2}
========================

2.1. Mice {#sec2.1}
---------

C57BL/6 mice (wild-type; WT), *Irf7*^−/−^ mice, and CD45.1 mice were purchased from CLEA Japan (Tokyo), RIKEN BRC (Tsukuba), and the Jackson Laboratory (Bar Harbor, ME), respectively. *Irf8*^*−/−*^ mice \[[@bib13]\] were obtained from Dr. Keiko Ozato (National Institute of Child Health and Human Development, National Institutes of Health, Bethesda, MD, USA). CD45.1^+^*Irf7*^−/−^ mice were generated by backcrossing CD45.1 mice with *Irf7*^−/−^ mice. The mice were housed in a specific pathogen-free facility and bred and used in accordance with protocols approved by the Animal Care and Use Committee of the Nara Medical University.

2.2. Intraperitoneal injection of TMPD {#sec2.2}
--------------------------------------

Male and female mice between 8 and 16 weeks old were used. Age and gender matched WT, *Irf7*^−/−^, or *Irf8*^*−/−*^ mice were given a single i.p. injection of 0.5 ​ml of TMPD (pristane) (Funakoshi, Tokyo) or PBS (vehicle). Ten months later, urine, blood, and kidneys were harvested. In some experiments, blood, kidneys and peritoneal cells were harvested two weeks after injection.

2.3. Measurement of urine protein {#sec2.3}
---------------------------------

Proteinuria was assessed by a urinary test strip (Wako, Osaka) and graded as 0 (none), 1+ (trace; 10--20 ​mg/dl), 2+ (30 ​mg/dl), 3+ (100 ​mg/dl), 4+ (300 ​mg/dl), and 5+ (\>1000 ​mg/dl).

2.4. Direct immunofluorescence {#sec2.4}
------------------------------

Kidneys from WT, *Irf7*^−/−^, or *Irf8*^*−/−*^ mice treated with TMPD or PBS were harvested 10 months after the disease induction, frozen in OCT medium, and stored at −80 ​°C. Cryosections were prepared at 6 ​μm thickness and incubated with FITC-anti-mouse IgG Ab (SouthernBiotech, Birmingham, AL), or Alexa Fluor 488-anti-mouse C3 Ab (Novus Biologicals, Littleton, CO). Nuclei were stained with Hoechst 33,258 (ThermoFisher Scientific, Waltham, MA) and examined by fluorescence microscopy (Keyence, Osaka). For the evaluation of glomerular lesions, images of 5 glomeruli per mouse were captured with a constant exposure time on fluorescence microscopy. From captured images, each glomerular lesion was scored based on the involved area as 0 (no staining), 1 (\<25%), 2 (25--50%), 3 (50--75%), and 4 (\>75%). The average severity grade was calculated and defined as the renal score of the mouse.

For CD11c and CD45.1 double immunofluorescence staining, 6 ​μm frozen tissue sections of the spleen were fixed with cold acetone, incubated with FITC-CD45.1 (clone A20) (eBiosciences, Tokyo) and PE-CD11c Ab (HL3) (BD pharmingen, Tokyo). In some experiments, double immunofluorescence staining was performed with FITC-CD45.2 ​Ab (clone 104) (Biolegend, San Diego, CA) and PE-CD11c Ab. The sections were observed by fluorescence microscopy (Keyence).

2.5. Indirect immunofluorescence {#sec2.5}
--------------------------------

Hep2 cells were cultured in 8-well CultureSlide (BD Falcon, Tokyo), fixed with cold acetone, and blocked with 3% BSA and 1% FCS in PBS for 1 ​h. Sera from the mice 10 months after TMPD or PBS injection were diluted at 1:100 and slides were incubated with diluted sera overnight. Slides were then incubated with FITC-conjugated anti-IgG Ab for 30 ​min, mounted and examined by fluorescence microscopy (Olympus, Tokyo).

2.6. ELISA {#sec2.6}
----------

The sera were obtained 10 months after TMPD or PBS injection. Serum concentrations of anti-nuclear antibody (ANA), anti-nRNP Ab (Alpha diagnostic international, San Antonio, TX), and anti-dsDNA Ab (FUJIFILM Wako Shibayagi, Gunma, Japan) were assayed by ELISA. In some experiments, the sera were obtained 2 weeks after injection and the serum levels of TNF-α and IL-6 were determined by ELISA (R&D systems, Minneapolis, MN).

2.7. Harvesting of peritoneal cells {#sec2.7}
-----------------------------------

The peritoneal cavity was lavaged with 2 ​ml of complete RPMI plus 10 U/ml heparin. Cells were collected by centrifugation, depleted of RBC by ACK lysing buffer and then resuspended in complete RPMI.

2.8. Culture of peritoneal cells, lymph node cells, and spleen cells {#sec2.8}
--------------------------------------------------------------------

Freshly isolated peritoneal cells from WT, *Irf7*^−/−^, or *Irf8*^*−/−*^ mice were grown in complete RPMI in the presence or absence of TMPD. Due to its insolubility in aqueous medium, TMPD was added as the inclusion complexes with β-cyclodextrin (β-CyD; Wako) as described previously \[[@bib9]\]. In some experiments, single cell suspensions were prepared from inguinal lymph nodes (LNs) and spleen from three strains and cultured with or without TMPD as described above.

2.9. RNA extraction and real-time PCR {#sec2.9}
-------------------------------------

Peritoneal cells were harvested two weeks after TMPD or PBS injection. In some experiments, peritoneal cells were enriched for inflammatory monocytes by negative selection using PE-conjugated mAb against CD3, CD11c, CD19, B220, Ly6G, and anti-PE Microbeads (Miltenyi Biotec, Auburn, CA). Total RNA was extracted from peritoneal cells or inflammatory monocytes using RNAeasy Plus Kit (QIAGEN, Tokyo) and cDNA was synthesized using High Capacity RNA-to-cDNA Kit (Applied Biosystems, Foster City, CA). Real-time PCR was performed using Taqman Fast Advanced Master Mix with Taqman Gene Expression Assays (Applied Biosystems). The data were normalized to the expression levels of GAPDH.

2.10. Evaluation of glomerular cellularity {#sec2.10}
------------------------------------------

Kidneys were harvested 10 months after PBS or TMPD injection and fixed in 10% neutral-buffered formalin. Paraffin-embedded tissues were sectioned and stained with hematoxylin and eosin using standard techniques. Glomerular cellularity was evaluated with H&E sections of the kidneys by counting the number of nuclei per glomerular cross-section as previously described \[[@bib9]\].

2.11. Single cell preparation from kidney {#sec2.11}
-----------------------------------------

Kidney was harvested, diced, and incubated with 0.5 ​mg/ml Liberase (Roche Applied Science, Branford, CT) and 0.05% DNase (Roche Applied Science) in RPMI at 37 ​°C for 60 ​min.

2.12. Antibodies and flow cytometry {#sec2.12}
-----------------------------------

FITC-anti-CD3 (clone 145-2C11), IA/IE (2G9), PE-CD69 (H1·2F3), CD11c (HL3), PerCP-Cy5.5-Ly6G (1A8), APC-anti-CD4 (RM4-5), CD11b (M1/70) (BD Pharmingen), Alexa Fluor 488-Ly6C (HK1.4), PE-Ly6G (1A8) (eBioscience), PerCP-anti-CD45.1 (A20), and PerCP-anti-CD45.2 antibody (104) (BioLegend) were used for cell-surface staining. Apoptosis was assessed by staining for FITC-annexin V/PI, and FITC-anti-active caspase 3 (C92-605) according to the manufacturer's protocols (BD Pharmingen). Stained cells were analyzed on a FACSCalibur flow cytometer (Becton Dickinson, Tokyo).

2.13. Sorting {#sec2.13}
-------------

CD45.1 mice (donor) were i.p. injected with TMPD. Two weeks later, peritoneal cells from about 10 CD45.1 mice were harvested, pooled, and enriched for inflammatory monocytes by depleting CD3, CD11c, CD19, B220 ​cells using PE-conjugated each Ab followed by anti-PE Microbeads. Ly6C^high^Ly6G^−^CD11b^+^ inflammatory monocytes were then sorted by gating on cells positive for Ly6C and CD11b and negative for Ly6G with a BD FACSAria II cell sorter (BD Biosciences). To track the fate of Ly6C^high^ monocytes that had migrated into the peritoneal cavity, 1--2x10^5^ sorted CD45.1^+^ Ly6C^high^Ly6G^−^CD11b^+^ were then i.p. injected into the WT mouse (host) which received TMPD injection intraperitoneally 2 weeks earlier. Similar experiments were performed using CD45.1^+^ *Irf7*^−/−^ mice as donor and *Irf7*^−/−^ mice as host. For cross-over approaches, CD45.1 mice and *Irf7*^−/−^ mice were used as donors, and *Irf7*^−/−^ mice and CD45.1 mice were used as hosts, respectively. The purity of the sorted cells was \>95%.

2.14. Intracellular cytokine staining {#sec2.14}
-------------------------------------

WT mouse (host) was i.p. injected with TMPD and subsequently received 1--2x10^5^ sorted Ly6C^high^Ly6G^−^CD11b^+^ cells from CD45.1 mice (donor) 2 weeks later. Six days later, spleen was harvested and cultured at 1 ​× ​10^7^ ​cells/mL in a 24-well bottom plate at 37 ​°C with 5 ​μg/ml of Golgiplug (BD Pharmingen) in the presence or absence of calf thymus double-stranded (ds) DNA (Sigma) at 100 ​μg/ml. Six hours later, cells were harvested and stained for CD45.1 and CD11c. Cells were fixed and permeabilized by incubation with cytofix/cytoperm solution (BD Pharmingen). Cells were then incubated with PE-anti-IL-6 (clone MP6-20F3), PE-TNF-α (MP6-XT22) (BD Pharmingen), PE-IL-1α (ALF-167), and PE-IL-1β (NJTEN3) (eBioscience) and analyzed on a FACSCalibur flow cytometer. Similar experiments were performed with various combination of hosts and donors.

In some experiments, WT and Irf7^−/−^ mice were i.p. injected with TMPD. Two weeks later, peritoneal cells were harvested, cultured as above and stained with Alexa Fluor 488-Ly6C, PerCP-Cy5.5-Ly6G, and APC-CD11b. Cells were then fixed, permeabilized, and stained with anti-IL-6, TNF-α, PE-IL-1α, and PE-IL-1β Abs.

2.15. Statistical analysis {#sec2.15}
--------------------------

Statistical analyses were carried out using one-way ANOVA with Tukey HSD test and differences of p ​\< ​0.05 were considered significant.

3. Results {#sec3}
==========

3.1. Irf7^−/−^ mice but not Irf8^−/−^ mice develop glomerulonephritis {#sec3.1}
---------------------------------------------------------------------

We previously reported that NF-κB pathway-dependent glomerulonephritis still occurred in *Irf7*^−/−^ mice after administration of TMPD \[[@bib9]\]. In this study, we determined the contribution of IRF8 to the development of glomerulonephritis because IRF8 controls NF-κB pathway in addition to type I IFN pathway. As previously demonstrated, a single injection of TMPD induces severe proteinuria in wild-type (WT) and *Irf7*^−/−^ mice in 10 months ([Fig. 1](#fig1){ref-type="fig"}A) \[[@bib9]\]. In contrast, mild to undetectable proteinuria was observed in *Irf8*^−/−^ mice after TMPD injection ([Fig. 1](#fig1){ref-type="fig"}A). Histopathology of the kidney revealed glomerular cellularity was increased in WT and *Irf7*^−/−^ mice after TMPD injection but it was normal in TMPD-treated *Irf8*^−/−^ mice ([Fig. 1](#fig1){ref-type="fig"}B and C) \[[@bib9]\]. The increase in nuclei/glomerulus might be due to inflammation or mesangial cell proliferation in WT and *Irf7*^−/−^ mice. Consistent with these findings, no deposition of IgG and C3 was observed in the glomeruli of *Irf8*^−/−^ mice, while an intense deposition of IgG and C3 were observed in control WT mice ([Fig. 1](#fig1){ref-type="fig"}D--G) \[[@bib9]\]. *Irf7*^−/−^ mice showed the deposition of IgG but not C3 as we have previously observed ([Fig. 1](#fig1){ref-type="fig"}D--G) \[[@bib9]\]. Taken together, *Irf8*^−/−^ mice appear refractory to the TMPD challenge in the development of glomerulonephritis, in contrast WT and *Irf7*^−/−^ mice.Fig. 1Lack of the development of glomerulonephritis in *Irf8*^−/−^ mice. (A) Proteinuria occurred in WT and Irf7^−/−^ mice while no major proteinuria was observed with *Irf8*^−/−^ mice 10 Mo after the administration of TMPD. A Horizontal line indicates the mean value in each group (n ​= ​6--10 mice/group for control (PBS), n ​= ​14--18 mice/group for TMPD treatment). ∗∗; p ​\< ​0.01 by one-way ANOVA with Tukey HSD test. N.S. not significant. (B, C) Increased glomerular cellularity in WT and *Irf7*^−/−^ mice but not in Irf8^−/−^ mice following the TMPD injection. Glomerular cellularity was determined as the number of nuclei per glomerular cross-section in tissue sections stained with H&E. Representative images of three independent experiments are shown in (B). The average numbers of nuclei of 20 glomeruli are shown in (C). Error bars represent SEM. ∗∗; p ​\< ​0.01 by one-way ANOVA with Tukey HSD test. N.S. not significant. (D--G) Glomerular IgG (D, E) and C3 (F, G) deposits determined by direct immunofluorescence. Merged immunofluorescence images of anti-IgG Ab or anti-C3 Ab (green) and Hoechst staining (blue). Representative images are shown in (D, F) (x200). Red arrows indicate positive IgG or C3 deposits. Glomerular IgG (E) or C3 (G) deposits were scored from 0 to 4 and the average values from 6 to 11 mice/group were shown (error bars, SEM). ∗∗; p ​\< ​0.01 by one-way ANOVA with Tukey HSD test. N.S. not significant. (D, E) WT and *Irf7*^−/−^ mice treated with TMPD were positive for IgG deposits in glomeruli, while TMPD-treated *Irf8*^−/−^ mice were negative. (F, G) WT mice treated with TMPD were positive for C3 deposits while no C3 staining was observed in *Irf7*^−/−^ and *Irf8*^−/−^ mice. Arrows indicate positive C3 deposits. . (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)Fig. 1

Intraperitoneal injection of TMPD has been known to cause lipogranuloma formation in the peritoneum, an ectopic lymphoid tissue that is a site of substantial type I IFN production \[[@bib14],[@bib15]\]. Interestingly all three strains developed lipogranulomas following the peritoneal TMPD challenge ([Supplementary Fig. 1A and B](#appsec1){ref-type="sec"}) \[[@bib9]\], suggesting that the loss of IRF7 and IRF8 does not deprive cells of their capacity to respond to TMPD.

3.2. Both IRF7 and IRF8 are indispensable for antinuclear antibody production {#sec3.2}
-----------------------------------------------------------------------------

We next evaluated if antinuclear antibodies (ANAs) are produced in *Irf8*^−/−^ mice. Sera from TMPD-treated WT mice produced either homogeneous or speckled nuclear staining against Hep2 cells by indirect immunofluorescence but sera from *Irf7*^−/−^ mice failed to do so as we previously observed ([Fig. 2](#fig2){ref-type="fig"}A) \[[@bib9]\]. Sera from *Irf8*^−/−^ mice did not show nuclear staining with Hep2 cells ([Fig. 2](#fig2){ref-type="fig"}A), suggesting that anti-nuclear antibodies were not produced in *Irf7*^−/−^ and *Irf8*^−/−^ mice. Similarly, ELISA assay demonstrated the complete lack of ANA, α-dsDNA Ab, and α-RNP Ab in the sera from *Irf7*^−/−^ and *Irf8*^−/−^ mice ([Fig. 2](#fig2){ref-type="fig"}B), indicating a crucial requirement of IRF7 or IRF8 for the autoantibody production.Fig. 2Lack of the production of autoantibodies in *Irf7*^−/−^ and *Irf8*^−/−^ mice. (A) Detection of antinuclear antibody (ANA) by indirect immunofluorescence using Hep2 cells. Sera were collected at 10 Mo after PBS or TMPD injections and used at 1:100 dilution. ANA was strongly detectable in the sera from TMPD-treated WT mice whereas those from *Irf7*^*−/−*^ and *Irf8*^−/−^ mice showed no ANA staining. Representative images of five independent experiments are shown. (B) ANA, α-dsDNAAb, and α-RNPAb measured in sera from three strains with PBS or TMPD challenge after 10 Mo by ELISA (sera were used at 1:100 dilution). Antibodies were only present in WT sera 10 Mo after TMPD challenge. A horizontal line indicates the mean values in each group. n ​= ​10--22 mice per group. p ​\< ​0.05 versus other groups. One-way ANOVA with Tukey HSD test. (C) Representative flow cytometric plots of CD4 and CD69 expression by PECs from three strains 2 weeks after PBS or TMPD injection. Cells were gated on CD3^+^CD4^+^ cells within the lymphocyte population. The percentage of CD3^+^CD4^+^CD69^+^ cells is indicated. One representative result of five independent experiments is shown. (D) Quantification of CD4^+^CD69^+^ T cells. Average values from n ​= ​5--7 mice per group are shown. CD4 T cells from *Irf7*^*−/−*^ mice expressed less CD69 compared to those from WT mice. ∗∗; p ​\< ​0.01 by one-way ANOVA with Tukey HSD test. N.S. not significant.Fig. 2

It is well established that activation status of T cells critically controls the humoral response. Thus, we assessed if activation status of CD4 T cells could be compromised in *Irf7*^−/−^ or *Irf8*^−/−^ mice following the TMPD challenge. We found that the expression of an early activation marker, CD69, was significantly reduced on CD4 T cells in *Irf7*^−/−^ mice ([Fig. 2](#fig2){ref-type="fig"}C and D). Thus, it is possible that the lack of autoantibody production in *Irf7*^−/−^ mice is caused by the reduced T-cell activation in the absence of IRF7. However, the similar lack of autoantibody production was seen in *Irf8*^−/−^ mice despite significantly more activated T cells being present, suggesting that this mechanism is unlikely.

3.3. Apoptosis was normally induced in Irf7^−/−^ and Irf8^−/−^ mice {#sec3.3}
-------------------------------------------------------------------

The proposed mechanism by which the TMPD challenge causes the development of lupus-like autoimmunity is its enhancement of cellular apoptosis that provides the autoantigen substrates to help break tolerance \[[@bib16]\]. We previously observed that the apoptosis induced by TMPD occurs independent of the autoantibody production in *Irf7*^−/−^ mice \[[@bib9]\]. To address the potential mechanisms by which autoantibody production was impaired in *Irf8*^−/−^ mice, we also investigated whether TMPD-induced apoptosis occurs in this strain. We exposed peritoneal exudate cells (PECs) obtained from WT, *Irf7*^−/−^, and *Irf8*^−/−^ mice to TMPD/β-CyD. The extracted cells from all strains underwent apoptosis to a similar extent ([Fig. 3](#fig3){ref-type="fig"}A and B) \[[@bib9]\]. Similarly, TMPD induced apoptosis in other cell types such as LN cells ([Fig. 3](#fig3){ref-type="fig"}C) and spleen cells ([Fig. 3](#fig3){ref-type="fig"}D), indicating that this effect of TMPD is not specific to PECs. *In vivo* stimulation by TMPD also induced apoptosis in PECs from all strains ([Fig. 3](#fig3){ref-type="fig"}E). These results suggest that the autoantigens are equally available in these mice and that dysregulation of apoptosis was not the cause of the lack of the autoantibody production in *Irf7*^−/−^ and *Irf8*^−/−^ mice.Fig. 3TMPD induced apoptosis. (A, B) PECs were freshly isolated from WT, *Irf7*^−/−^, and *Irf8*^−/−^ mice and cultured *ex vivo* with 75 ​μM TMPD/β -CyD. After 16 ​h, the cells were harvested, stained with FITC-annexin V/propidium iodide (A), anti-active caspase-3 Ab (B), and analyzed by flow cytometry. The cells from all strains went into apoptosis in the presence of TMPD. Numbers indicate positive cells. One representative result of three is shown. (C, D) Inguinal LNs (C) and spleens (D) were freshly isolated from three strains, cultured *ex vivo* with 150 ​μM TMPD/β-CyD, for 16 ​h and stained with anti-active caspase-3 Ab as above. Numbers in histograms indicate percentage of active caspase 3-expressing cells. One representative result of three is shown. (E) PECs were harvested 2 weeks after TMPD or PBS injection and stained with anti-active caspase-3Ab. The percentage of active caspase 3-expressing cells is indicated. Data are representative of three independent experiments.Fig. 3

3.4. Recruitment of Ly6C^high^ monocytes in WT and Irf7^−/−^ mice but not in Irf8^−/−^ mice {#sec3.4}
-------------------------------------------------------------------------------------------

To explain the previous findings, we postulated that *Irf7*^−/−^ and *Irf8*^−/−^ mice may lack some cellular components that regulate SLE symptoms through the production of proinflammatory cytokines (or IFNs). One of the pathogenic mechanisms by which TMPD challenge causes SLE in mice has been linked to the induction of Ly6C^high^ monocytes in the peritoneal cavity \[[@bib10]\]. Ly6C^high^ monocytes are termed inflammatory monocytes because of their quick recruitment to the site of inflammation or infection \[[@bib17]\]. Ly6C^high^ monocytes, but not plasmacytoid DCs (pDCs), are a major source of type I IFN in this experimental model \[[@bib10]\]. These monocytes persist for \~3 days before undergoing a programmed cell death (apoptosis) \[[@bib15]\]. We examined PECs for the presence of Ly6C^high^ monocytes 2 weeks following the TMPD injection an all mouse strains. As shown in [Fig. 4](#fig4){ref-type="fig"}A, the influx of Ly6C^high^CD11b^+^Ly6G^−^ inflammatory monocytes into the peritoneal cavity was strongly induced in WT and *Irf7*^−/−^ mice but not in *Irf8*^−/−^ mice. Ly6C^high^ monocytes do not persistently exist in the peritoneal cavity. However, they become \~30% of PECs two weeks after the TMPD injection through homing facilitated by CCL2. The IRF8-KLF4 axis is a crucial component of the monocyte differentiation, which explains the lack of Ly6C^high^ monocytes in *Irf8*^−/−^ mice \[[@bib18]\].Fig. 4Recruitment of Ly6C^high^ monocytes in WT and *Irf7*^−/−^ mice. (A, B) Flow cytometric analysis of PECs 2 weeks after TMPD injection. TMPD was injected into three strains and PECs were analyzed for inflammatory monocyte (CD11b^+^Ly6C^high^Ly6G^−^) by flow cytometry. A dramatic expansion of inflammatory monocyte was observed following the TMPD treatment in WT and *Irf7*^*−/−*^ mice but not in *Irf8*^−/−^ mice. Cells were first gated on the lymphocyte population and then gated out Ly6G^+^ cells. (A) Representative flow cytometric analysis is shown. The percentage of inflammatory monocytes is indicated. Data are representative of at least five independent experiments. (B) Dynamics of cellular infiltrate in PECs after TMPD administration. The average percentage of CD11b^+^Ly6C^high^Ly6G^−^ cells from the peritoneal cavity at indicated time points after TMPD injection was shown (n ​= ​3--9 mice/group). Error bars represent SEM. ∗; p ​\< ​0.05 and ∗∗; p ​\< ​0.01 vs *Irf8*^−/−^. One-way ANOVA with Tukey HSD test. (C) Representative flow cytometric plots of (B) at the indicated time points after TMPD injection are shown. (D) PECs were analyzed for the expression of CD11c and MHC class II 2 weeks after the TMPD injection. The percentages of CD11b^+^Ly6C^high^Ly6G^−^ cells expressing CD11c or MHC class II are indicated. Cells were first gated on the lymphocyte population, gated out Ly6G^+^ cells, and then gated on CD11b^+^Ly6C^high^ cells. One representative dot plot of three experiments is shown. The thin line represents isotype control staining. (E) Flow cytometric analysis of single cell suspension from kidneys 2 weeks after the TMPD injection. The TMPD challenge induced the infiltration of inflammatory monocytes (CD11b^+^Ly6C^high^Ly6G^−^) in WT and *Irf7*^−/−^ mice but not in *Irf8*^−/−^ mice. The percentages of inflammatory monocytes are indicated. One representative result of three is shown. (F) The percentage of inflammatory monocytes in kidney was determined by flow cytometry and the average percentage from n ​= ​3--5 mice per group is shown (error bars, SEM). ∗; p ​\< ​0.05 and ∗∗; p ​\< ​0.01 by one-way ANOVA with Tukey HSD test. N.S. not significant.Fig. 4

The analysis of the peritoneal infiltrate at various time points after TMPD challenge revealed that inflammatory monocytes accumulated in the peritoneal cavity constituting \~30% of PECs throughout the course ([Fig. 4](#fig4){ref-type="fig"}B and C). These inflammatory monocytes appeared in the peritoneal cavity one day after i.p. injection of TMPD and persisted for several months afterwards in both WT and *Irf7*^−/−^ mice. They were completely absent in *Irf8*^−/−^ mice throughout all the time points tested ([Fig. 4](#fig4){ref-type="fig"}B and C). Ly6C^high^CD11b^+^Ly6G^−^ inflammatory monocytes were almost negative for CD11c and about 15% of the cells expressed MHC class II ([Fig. 4](#fig4){ref-type="fig"}D).

We also found that the infiltrate of inflammatory monocytes was observed in kidney in WT and *Irf7*^−/−^ mice but not in *Irf8*^−/−^ mice ([Fig. 4](#fig4){ref-type="fig"}E and F). Since an influx of monocytes supposedly plays a significant role in the pathogenesis of human and murine lupus nephritis \[[@bib19]\], these results suggest that the inflammatory monocytes recruited to the kidney might be responsible for the renal damage in WT and *Irf7*^−/−^ mice.

To assess their functional nature, we next examined cytokine production from Ly6C^high^CD11b^+^Ly6G^−^ inflammatory monocytes. They mildly produced proinflammatory cytokines such as IL-6, TNF-α, IL-1α, and IL-1β which were markedly increased in response to dsDNA autoantigen in WT and *Irf7*^−/−^ mice ([Fig. 5](#fig5){ref-type="fig"}A). Consistent with this, serum levels of TNF-α and IL-6 showed similar increase in WT and *Irf7*^−/−^ mice but were decreased in *Irf8*^−/−^ mice following the TMPD challenge ([Fig. 5](#fig5){ref-type="fig"}B) \[[@bib9]\].Fig. 5Production of proinflammatory cytokines, but not that of type I IFN, in the absence of IRF7 by inflammatory monocytes.(A) Intracellular stainings for proinflammatory cytokines were performed on PECs after incubation with or without dsDNA. Stainings of Ly6C^high^CD11b^+^Ly6G^−^ cells within the lymphocyte gate are shown. Percentages of Ly6C^high^CD11b^+^Ly6G^−^ cells producing indicated cytokines are indicated. Data are representative of three independent experiments. (B) Serum levels of TNF-α and IL-6 were determined by ELISA 2 weeks after PBS or TMPD injection. Almost similar increase of serum TNF-α and IL-6 was observed in sera from WT and Irf7^−/−^ mice after TMPD injection. In contrast, serum levels of these cytokines were decreased in TMPD-treated *Irf8*^*−/−*^ mice. Data are representative of two independent experiments (n ​= ​9--15 mice per group). Error bars ​= ​SEM. ∗; p ​\< ​0.05 and ∗∗; p ​\< ​0.01 by one-way ANOVA with Tukey HSD test. N.S. not significant. (C) Expression of the ISGs (MX1 and IRF7) in PECs as determined by real-time PCR. PECs were isolated 2wk after PBS or TMPD injection. The data were normalized to GAPDH and fold change in reference to PBS-treated WT, Irf7^−/−^, or Irf8^−/−^ mice are shown. Expression of ISGs was only detected in PECs from WT mice. Data were pooled from two independent experiments with triplicates in each experiment. Error bars ​= ​SEM. (D) Profound decrease of the expression of the ISGs in the absence of IRF7 by purified inflammatory monocytes. Gene expression was measured from purified monocytes 2 weeks after TMPD injection. Fold changes in reference to PECs from PBS-treated WT and Irf7^−/−^ mice, respectively are shown. Expression of ISGs was detected in only purified inflammatory monocytes from WT mice. Data were pooled from two independent experiments with triplicates in each experiment. Error bars ​= ​SEM.Fig. 5

3.5. Loss of IFN signature in TMPD-treated Irf7^−/−^ and Irf8^−/−^ mice {#sec3.5}
-----------------------------------------------------------------------

Since signaling of type I IFN is recognized as central to the pathogenesis of SLE \[[@bib20]\], it is possible that type I IFN signaling is deficient in *Irf7*^−/−^ and *Irf8*^−/−^ mice. We thus examined if ISGs such as Mx-1 and IRF7 are induced in our model mice 2 weeks after the TMPD challenge. Real-time PCR revealed that expressions of Mx-1, a specific sensor of interferon levels, and IRF7 were diminished in PECs from *Irf7*^−/−^ and *Irf8*^−/−^ mice while they were greatly enhanced in WT mice ([Fig. 5](#fig5){ref-type="fig"}C) \[[@bib9]\]. To examine the role of Ly6C^high^ inflammatory monocytes in this context, we next determined the expression of ISGs in these cells as Ly6C^high^ inflammatory monocytes are considered to be the major source of type I IFN in this model \[[@bib10]\]. Curiously, Mx-1 and IRF7 were not detectable in TMPD-treated *Irf7*^−/−^ mice ([Fig. 5](#fig5){ref-type="fig"}D), providing an explanation for the lack of the autoantibody production in these mice. These results validate our hypothesis that type I IFN production by Ly6C^high^ monocytes play a major role in the development of SLE in mice following the TMPD challenge.

3.6. Ly6C^high^ inflammatory monocytes give rise to dendritic cells {#sec3.6}
-------------------------------------------------------------------

The lack of the development of autoimmunity in *Irf7*^−/−^ and *Irf8*^−/−^ mice following the TMPD challenge may also involve the diminished presentation of autoantigens to T cells. Therefore, we asked if Ly6C^high^ monocytes efficiently differentiate into DCs in these mice, in light of previous literature suggesting that sera from SLE patients contain factors including IFN-α that induce monocytes to differentiate into DCs, which then capture antigens from apoptosed cells and present to CD4 T cells as antigen presenting cells \[[@bib21]\]. Since inflammatory monocytes can differentiate into inflammatory DCs in tissues \[[@bib17],[@bib22]\], we determined if Ly6C^high^CD11b^+^Ly6G^−^ monocytes accumulating in the peritoneal cavity could efficiently differentiate into functional DCs in our model of SLE. Ly6C^high^CD11b^+^Ly6G^−^ monocytes were sorted from the peritoneal cavity of WT mice two weeks after the injection of TMPD ([Fig. 6](#fig6){ref-type="fig"}A) and their expression of DC markers was first examined. To strictly study the *in vivo* commitment of inflammatory monocytes into DCs under the current environment, we adoptively transferred sorted Ly6C^high^CD11b^+^Ly6G^−^ inflammatory monocytes from CD45.1 mice into congenic CD45.2^+^WT hosts. Only cells that were negative for CD11c were sorted and transferred into CD45.2^+^WT mice that have pre-treated with TMPD two weeks prior to the transfer. As shown in [Fig. 6](#fig6){ref-type="fig"}B, CD45.1^+^Ly6C^high^ monocytes migrated from the peritoneal cavity to the spleen in host mice. As described above, the sorted CD45.1 inflammatory monocytes were CD11c negative at the time of transfer. Curiously, donor-derived monocytes in the host spleen showed enhanced expression of CD11c one week after the adoptive transfer, and approximately 10% of donor-derived monocytes expressed both CD11c and MHC class II, indicative of the differentiation *in vivo* of monocytes to DCs ([Fig. 6](#fig6){ref-type="fig"}B and C). Using *Irf7*^−/−^ congenic donor and host, we observed that the differentiation of Ly6C^high^CD11b^+^Ly6G^−^ monocytes into CD11c^+^DCs occur in the absence of IRF7 ([Fig. 6](#fig6){ref-type="fig"}C, [Supplementary Fig. 2A](#appsec1){ref-type="sec"}). Moreover, cross-over approach by the transfer of inflammatory monocytes from WT and Irf7^−/−^ mice into the irrelevant host (Irf7^−/−^ and WT, respectively) showed differentiation into DCs in both cases, indicating this effect is cell-intrinsic ([Fig. 6](#fig6){ref-type="fig"}C, [Supplementary Fig. 2B and C](#appsec1){ref-type="sec"}).Fig. 6Differentiation of DCs from inflammatory monocytes. (A) Gating strategy for FACS-sorting. Representative flow cytometry profiles of PECs prepared from CD45.1 congenic mice treated with TMPD 2 weeks previously, showing gating strategy used for FACS-sorting. PECs were gated based on FSC and SSC, and Ly6G^+^ cells were excluded. Ly6C^high^ CD11b^+^ inflammatory monocytes were then gated based on Ly6C and CD11b expression and sorted. (B) Flow cytometric analysis of the spleen from TMPD-challenged CD45.2^+^WT mouse (host) injected with CD45.1^+^ inflammatory monocytes sorted from CD45.1^+^WT mice (donor). The sorted CD45.1^+^inflammatory monocytes were injected into CD45.2^+^ WT host mouse on day 14 after the TMPD challenge and the spleen of the host was harvested 6 days later. The spleen from the CD45.2^+^ WT host was analyzed by flow cytometry. Some of the donor-derived CD45.1^+^inflammatory monocytes expressed CD11c and MHC class II (upper panels). The host-derived CD45.2^+^DCs expressing CD11c and MHC class II were also present in the spleen (lower panels). The dot plot graphs were created by gating on CD45.1^+^ cells (upper panels) or CD45.2^+^ cells (lower panels) within the lymphocyte gate. The numbers in the dot plot graphs indicate positive cells. One representative dot plot of six experiments was shown. (C) The percentages of CD11c^+^MHC class II^+^ cells among transferred donor cells in the spleens of the host mice are shown. Inflammatory monocytes were sorted from the indicated donor mice and transferred into the indicated host mice as described in (B). CD45.1^+^WT, CD45.1^+^Irf7^−/−^, CD45.1^+^WT, and CD45.2^+^Irf7^−/−^ mice were used as donors and CD45.2^+^WT, CD45.2^+^Irf7^−/−^, CD45.2^+^Irf7^−/−^, and CD45.1^+^WT mice were used as hosts, respectively. The spleen from the host was analyzed by flow cytometry. The dot plot graphs were created by gating on CD45.1^+^ cells (for donor mice; CD45.1^+^WT, CD45.1^+^Irf7^−/−^, CD45.1^+^WT) or CD45.2^+^ cells (for donor mice; CD45.2^+^Irf7^−/−^) within the lymphocyte gate and the percentage of IA/IE^+^CD11c^+^ double-positive cells were determined. The average percentage of 3--5 host mice per group is shown. Error bars represent SEM. ∗0.01 ​\< ​p ​\< ​0.05. Data were pooled from three to five independent experiments. N.S. not significant by one-way ANOVA with Tukey HSD test. (D) Immunofluorescence staining of frozen section from the spleen of the CD45.2^+^WT host mouse for the identification of CD11c-expressing CD45.1^+^ cells. The sorted inflammatory monocytes from CD45.1^+^WT donor mice were injected into CD45.2^+^ WT host mouse on day 14 after the TMPD challenge and the spleen of the host mouse was harvested 6 days later. The spleen from CD45.2^+^WT host mouse was stained with FITC-CD45.1 ​A ​b and PE-CD11c Ab. The donor-derived CD45.1^+^ cells (green) expressed CD11c (red) (upper panels). In comparison, the host-derived DC in the same slide was CD45.1 negative and CD11c positive (lower panels). The One representative image of three experiments was shown. . (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)Fig. 6

Double immunofluorescence staining confirmed the presence of donor-derived CD11c^+^ cells in the spleen of host mice ([Fig. 6](#fig6){ref-type="fig"}D, [Supplementary Fig. 2D](#appsec1){ref-type="sec"}). It appeared that donor-derived DCs formed clusters in the host spleen and resided in a location that is different from the one for host-derived DCs ([Fig. 6](#fig6){ref-type="fig"}D, [Supplementary Fig. 2D](#appsec1){ref-type="sec"}).

3.7. Inflammatory monocyte-derived DCs respond to dsDNA and produce proinflammatory cytokines {#sec3.7}
---------------------------------------------------------------------------------------------

We next tested if DCs differentiated from inflammatory monocytes were functionally competent in that they have the capacity to produce proinflammatory cytokines in response to dsDNA antigen. Sort-purified Ly6C^high^CD11b^+^Ly6G^−^ inflammatory monocytes were adoptively transferred and the spleen of a host was examined by intracellular cytokine staining for the presence of cytokine-producing DCs. Inflammatory monocyte-derived DCs from CD45.1^+^WT mice showed discernible production of TNF-α, IL-1α, and IL-1β, but not IL-6 in response to dsDNA antigen ([Fig. 7](#fig7){ref-type="fig"}A). Donor-derived DCs produced similar amount of TNF-α, IL-1α, and IL-1β in the absence of IRF7 ([Fig. 7](#fig7){ref-type="fig"}B). Similarly, donor-derived DCs transferred into the irrelevant host also produced proinflammatory cytokines, indicating they were functional ([Fig. 7](#fig7){ref-type="fig"}C and D).Fig. 7Inflammatory monocytes derived-DCs produced proinflammatory cytokines in response to dsDNA. (A--D) The spleen from the host was subjected to intracellular staining for proinflammatory cytokines after incubation with or without dsDNA. Inflammatory monocytes were sorted from the indicated donor mice and transferred into the indicated host mice on day 14 after the TMPD challenge. The spleen of the host was harvested 6 days later and analyzed by flow cytometry. The combination of donor and host mice (donor - ​\> ​host) was indicated above the line of each panel. Cells were gated on donor-derived CD11c^+^ cells (A-C; CD45.1^+^CD11c^+^ cells, D; CD45.2^+^CD11c^+^ cells) within the lymphocyte gate. The percentage of donor-derived CD11c^+^ cells producing indicated cytokines is indicated. One representative dot plot of three experiments each was shown.Fig. 7

4. Discussion {#sec4}
=============

In our previous report studying *Irf7*^−/−^ mice, we demonstrated that the two major disease manifestations of SLE, the autoantibody production and the glomerulonephritis can be uncoupled because they are mediated by distinct molecular mechanisms. In this report, we studied the relevant mechanisms responsible for the SLE development in our model and demonstrated that the development and homing of inflammatory monocytes/monocyte-derived DCs control the onset of SLE under the influence of another interferon regulatory factor, IRF8. TMPD, which triggers SLE in our model, induces the homing of DC subset to the spleen following its differentiation from inflammatory monocytes in the peritoneal cavity. Production by DCs of type I IFN and proinflammatory cytokines in response to dsDNA is critical for the SLE development.

During inflammation or infection, a certain type of blood monocytes gives rise to populations of inflammatory DCs \[[@bib17]\]. These monocytes, originated from the bone marrow with Gr1^+^Ly6C^+^Ly6G^−^F4/8^+^CD11b^+^CD11c^−^ phenotype, were termed inflammatory monocytes because they are selectively recruited to the site of infection and inflammation in a CCR2-dependent fashion \[[@bib17],[@bib23], [@bib24], [@bib25]\]. Once within the tissue, inflammatory monocytes would differentiate into inflammatory DCs such as TNF/iNOS-producing DCs (TipDCs) which then migrate to the LNs and the white pulp of the spleen where they interact with T cells and stimulate them \[[@bib17],[@bib22]\]. These monocyte-derived DCs mediate innate defense against intracellular bacterial pathogens and have critical roles in the eradication of bacteria \[[@bib23]\]. In humans, TipDC robustly expand in skin lesions of psoriasis, suggesting their role as a major inflammatory and effector cells in psoriasis \[[@bib26]\]. However, the role of inflammatory monocyte-derived DCs in autoimmunity has not been well understood. Our report thus makes one of the pioneering studies in this context.

The type I IFN pathway plays a pivotal etiopathogenic role in SLE \[[@bib27], [@bib28], [@bib29]\]. Increased serum levels of type I IFN \[[@bib30]\] and the subsequent enhancement of the ISG expression (IFN signature) in peripheral blood mononuclear cells \[[@bib31],[@bib32]\] are prominent features in SLE patients. Consistent with this, IFN-I receptor α-chain-deficient mice (*Ifnar*^−/-^ mice) failed to develop SLE with no production of autoantibodies nor the development of glomerulonephritis upon TMPD challenge \[[@bib20]\]. Both *in vivo* \[[@bib33]\] and *in vitro* \[[@bib34]\] studies support that the hyperproduction of type I IFNs from pDCs is critical for the pathogenesis of lupus. TMPD-induced lupus model exhibits a robust IFN signature that recapitulates the IFN signature in human SLE patients and might therefore be a useful model for the study of IFN-dysregulation in SLE \[[@bib15],[@bib35]\]. We also note the limitation of it that IFN-producing cells of this model are somewhat different from those in other lupus models and human SLE patients as reported \[[@bib15],[@bib33], [@bib34], [@bib35]\]. Using this model, we previously revealed a novel role for IRF7 in the pathogenesis of SLE \[[@bib9]\] as described above. We demonstrated that the two signature facets of SLE, the production of the autoantibody and the development of glomerulonephritis are molecularly independent. We proposed that the type I IFN pathway (IRF7 dependent) is critical for the autoantibody production whereas the NF-κB activation (IRF7 independent) sufficiently enables the development of glomerulonephritis. To further advance our understanding, we hereby tested *Irf8*^−/−^ mice because IRF8 regulates both type I IFN and NF-κB pathways. Furthermore, we sought after the source of proinflammatory cytokines and type I IFN and identified inflammatory monocytes/monocyte-derived DCs as their source. We demonstrated that inflammatory monocytes and monocyte-derived DCs were recruited and produced proinflammatory cytokines but failed to produce type I IFN in the absence of IRF7, accounting for the discordance of the two major SLE events described above \[[@bib9]\]. Our current study validates that proinflammatory cytokines induced by autoantigen stimulation augment local proinflammatory effects independent of the autoantibody production. It also demonstrates that the recruitment of inflammatory monocytes/monocyte-derived DCs is dependent on IRF8. Therefore, TMPD failed to induce either the autoantibody production or the development of glomerulonephritis in the absence of IRF8.

It is well described that IRF7 is critical for the induction of type I IFN mediated by pattern-recognition receptors (PRRs) including endogenous TLRs (TLR7 and TLR9) \[[@bib5],[@bib36]\] as Irf7^−/−^ mice are vulnerable to viral infection because they are unable to produce IFN-α \[[@bib5]\]. While IRF8 can also contribute to type I IFN induction, the effect of IRF8 on cytokines is limited and IRF8 plays a broader role in immune system and normal hematopoiesis. IRF8 is required for the development of monocytes, macrophages, DCs, basophils and eosinophils, while it inhibits the generation of neutrophils \[[@bib37]\]. As such, IRF8-deficiency has been shown to result in animals lacking pDCs \[[@bib38]\], CD8α^+^DCs \[[@bib39]\], much reduced levels of monocytes \[[@bib13],[@bib40]\] and expanded levels of granulocytes \[[@bib13]\], abnormal germinal center B cell function due to modulated BCL6/AICDA expression \[[@bib41]\].

A role for IRF8 in the pathogenesis of SLE was previously demonstrated using IRF8-deficient NZB mice which are deficient in pDCs. These mice show almost complete absence of autoantibodies, along with reduced kidney disease \[[@bib33]\]. These effects were observed despite normal B-cell responses to TLR7 and TLR9 stimuli and intact humoral responses to conventional T-dependent and -independent antigens. The report concluded that pDCs and the production of type I IFNs by these cells are critical contributors to the pathogenesis of lupus-like autoimmunity in these models. However, we argue that the role of pDCs might be limited in the TMPD-induced lupus despite the current belief that they are the primary source of type I IFN in both healthy individuals and SLE patients, because the depletion of pDCs showed little effects on type I IFN or ISG expression in TMPD-induced lupus mouse models \[[@bib10],[@bib15]\]. In contrast, inflammatory monocytes that accumulate in the inflamed peritoneum of these mice may be the major source of type I IFN because their depletion with clodronate-containing liposomes rapidly eliminated the expression of type I IFN and ISGs \[[@bib10]\]. Curiously, the recruitment of Ly6C^high^ inflammatory monocytes into the peritoneum was abolished in type I IFN receptor-deficient mice but was unaffected by the absence of IFN-γ, TNF-α, IL-6, or IL-1 \[[@bib42]\].

While we were preparing this manuscript, a similar work on TMPD-induced lupus mouse model using Irf8^−/−^ mice came out although they focused on a pathological role of inflammatory monocytes in diffuse alveolar hemorrhage \[[@bib43]\]. They demonstrated that the infiltration of Ly6C^high^ monocytes and the upregulation of IFN-inducible genes were diminished in the absence of Irf8. They also demonstrated that hypergammaglobulinemia, ANAs, anti-U1RNP Abs, and glomerulonephritis were all markedly reduced in Irf8^−/−^ mice after TMPD treatment \[[@bib43]\]. These data are consistent with our data. However, our study added unique findings that inflammatory monocytes further differentiated into DC and could respond to autoantigen.

Taken together, we demonstrated that proinflammatory cytokines produced from inflammatory monocyte/monocyte-derived DCs were involved in tissue damage of SLE in WT and *Irf7*^−/−^ mice independent of autoantibody production and that type I IFN from those cells contributes to the autoantibody production. Since type I IFN induces maturation and activation of DCs \[[@bib44]\], results from the present study suggest that the loss of type I IFN production as observed in *Irf7*^−/−^ and *Irf8*^−/−^ mice might affect antigen presentation. These impairments in antigen presentation and less activation of CD4 T cells as observed in *Irf7*^−/−^ mice ultimately inhibit the autoantibody production.

Our observation suggests unique roles for IRF7 and IRF8 in their distinct contribution to the pathogenesis of SLE. The translational explanation of this study might help develop novel therapeutic strategies for SLE by targeting these factors and inflammatory monocytes/dendritic cells.
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